In a previous paper (12) it was reported that increasing concentrations of either NaCl or Na2SO4 in growth medium, induced a progressive decrease of the specific activity of malate dehydrogenase located in the mitochondria isolated from pea roots and coupled to NAD. However, malate dehydrogenase activity was reported also in the supernatant fraction obtained after sedimentation of the mitochondria. -XIoreover, the activity of both enzymes may be coupled either to NAD or NADP (1, 7, 14, 16, 19, 20) . The importance of the tricarboxylic acid cycle enzymes located in the cytoplasm has been mentioned in many papers in connection with the absorption of excess of cations (5, 8, 9, 17 
isoiated from plants grown in non salinated substrate, did not have any significant effect.
In a previous paper (12) it was reported that increasing concentrations of either NaCl or Na2SO4 in growth medium, induced a progressive decrease of the specific activity of malate dehydrogenase located in the mitochondria isolated from pea roots and coupled to NAD. However, malate dehydrogenase activity was reported also in the supernatant fraction obtained after sedimentation of the mitochondria. -XIoreover, the activity of both enzymes may be coupled either to NAD or NADP (1, 7, 14, 16, 19, 20) . The importance of the tricarboxylic acid cycle enzymes located in the cytoplasm has been mentioned in many papers in connection with the absorption of excess of cations (5, 8, 9, 17) . It was decided therefore to investigate in more detail the activity of the malate dehydrogenase and how it is affected by salinity.
Materials and Methods
Pea planits (var. Laxton progress) were grown on vermiculite moistened with Hoagland solution and salinated witlh NaCl or Na2SO4 at concentration of 1 to 5 atm as previously described (12, 13 Change.i in the amounit of acids in the cell, in response to the salinity of the medium, may affect the level of the enzymes connected with the metabolism; of these acids. Many investigators (2, 4, 18) , therefore, lhave looked for the effect of salinity on malate dehydrogenase activity. Most of them, however, dealt with the effect of salt present in the assay mixture, on the enzyme activity. From our work it seems that the effect of growing the plants in saline media is different from the direct effect of salt present in the assay mixture.
It was found that the enzvmes in both the mitochondrial and the cytoplasniic fractions were active either with NAD or NADP as coenzymes. However, in both fractions the specific activitv with NAD was higher than with NADP (tables I and II).
Growth of plants in saline media (chloride or sulfate) resulted usually in a decreased NAD coupled activity in both fractions. But, while in plants grown in NaCl salinated media the decrease in the mitochondrial fraction was gradual with increasing salinit-, as previously reported (12), this was not the case in the sulfate sallinated plants, either in the mitochondrial or in the cytoplasmic fractions. An exception were the plan.ts grown on medium salinated with NaCl to 1 atm. In these plants an increase in the specific activity coupled to NAD was observed in the cytoplasmic fraction (table I) .
In roots of plants exposed to both types of salinity, the specific activity coupled to NADP increased in the mitochondrial fraction and decreased in the cytoplasmic fraction.
An attempt was made to differentiate between the direct effect of the salt on the enzyme, and any indirect effect of salinity affecting the plant while growing in the saline substrate. To achieve this, in one case the plan,ts were grown in saline media while the assay of enzymes was carried out in absence of salts (table I). In the other case the plants were grown in non-saline substrate while salt, in various concenitrations, was added to the enzyme assay mixture (table II) . In this case, the final salt concentrations *in the assay mixture were identical with those in the growth media of th,e previous case.
Table I. Effect of Salinity of Growth Medium on Malic Acid Dehydrogenase Activity in Pea Roots
The enzyme was isolated from plants grown in media salinated either witlh NaCl or Na2SO4 as indicated in the table. The reaction medium contained no salt. Either NAD or NADP was used as a coenzyme. The coenzyme was added to the reaction mixture after 5 min of preincubation and then activity of enzyme was measured as described in Methods. Comparison of tables I and II shows clearly that the effect of salinity in the 2 cases is entirely different. Presence of NaCl in the assay mixture did not affect the NAD coupled activity at all in any of the fractions. The presence of Na2SO41 however, caused a slight decreas;e in activity of the mitochondrial fraction but did not affect the activity of the cytoplasmic fraction.
In cases where plants were exposed to salinity continuously during their growth, a significant effect on enzynme activity was observed as already described above.
The NADP coupled activity of malate dehydrogenase, in the mitochondrial fraction, was significantly increased in plants exposed to salinity during their growth (table I) , while ther-e was no significant effect on enzyme activity, bv salt added to the assay mixture (table II) .
In the cytoplasmic fraction, the NADP linked activity was not affected by NaCl but was slightly stimulated by Na2SO4 present in the reaction mixture (table II) . This activity was significantly decreased in plants exposed to salinity during their growth.
In view of these findings, showing different effects of the 2 treatments and different effects of the 2 types of salinity, it was of interest to study the electrophoretic pattern of the enzyme. The results are shown in Fig. 1 .
Two distinct bands showing malate dehydrogenase activity were found in the crude homogenate In the mitochondrial fraction only 1 band, migrating about 1 cm from the line of application, towards the cathode was found. This band was identical with the cathodal band of the crude homogenate. The cytoplasmic fraction of the control plants, showed 1 band, moving to the anode, 3.5 cm from the line of application.
The solution used for localizing the enzyme activity on the starclh gel contained either NAD or NADP. The same bands were obtained with both coenzymes, but the color of the hands was not of the same intensity, even when the concentration of protein and nucleotides was the same in both cases. The activity with NADP w%as much weaker than that with NAD.
The electrophoretic pattern from homogenates of plants grown under Na,SO4 salinity was the same as that of control plants, with either NAD or NADP.
The electrophoretic pattern of crude homogenate of plants grown under NaCl salinization (1 and 5 atm) was, however. different. There was 1 band on the cathodal side, corresponding to the enzvme from the mitochondria, but there were 2 bands on the anodal side. Both these bands were due to the cytoplasmic fraction; one migrating 3.5 cm from line of application as previously described, and a second new band, migrating 1 cm from line of application. Again all of these bands were active with both coenzymes. There was no difference in the intensity of color of the new band obtained from supernatants prepared from plants grown at different levels of salinity (the amount of protein applied being always the same).
Evans and Sorger (2), who studied the effect of salts on many enzymes, already mentioned malate dehydrogenase as a salt sensitive enzyme. Hiatt and Evans (4) investigated the effect of salt on the enzyme activity in a whole range of pH. They found the same response of the enzyme to different salts of the same concentration. They concluded that the effect was not ion specific. From results reported in tables I and II and Fig. 1 , it seems that the effect of NaCl affecting the plant during its growth is rather specific. Growth of plants tinder sulfate salinity of the same osmotic potential, did not affect enzyme mobility on starch gel. althouigh the effect on the activity of the enzvme wvas rather similar to that of NaCl.
It seems more probable that NaCl affects the secondary, or the tertiary structure of the enzyme protein, although, in view of findings reported by Kahane and Poljakoff-Mayber (6) , effect on the primary structure cannot be completely excluded.
Weimberg (18) found that an isoenzyme of malate dehydrogenase isolated from pea seeds, was stimulated by NaCl if the concentration of the salt did not exceed 20 mM. Hiigher concentration of salts were inhibiting. It was shown in this investigation ( .On the basis of the results reported in this paper, and on the basis of the results reported previously (12, 13) , it seems that a ftundamental difference exists between the short-time effect of salt, when present only in the assay mixtures, and the continuous effect of salinity stress to wlhich the plant is exposed durinig its growth. It is also evident that although the effect of NaCl and Na2SO4 salinities is similar, it is by no means identical.
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